In order to avoid a reduction in competitiveness in times of a rapidly ageing workforce, enterprises should aim at avoiding lower relative productivity levels of their older employees in comparison to their prime age employees. This paper shows that specific equipment of workplaces for older employees and reduced requirements for older workers are associated with higher relative productivity of older employees.
Introduction
The rapid ageing of the workforce in almost all developed countries leads to concerns whether establishment productivity and competitiveness might suffer because older employees are less productive than younger workers. Several recent contributions show that higher shares of older employees on average do not necessarily lead to a decrease in establishment productivity, however (Aubert and Crépon, 2006; Malmberg et al., 2008; Börsch-Supan and Weiß, 2009 ). Instead, we observe a large variance in age-productivity profiles between establishments (Göbel and Zwick, 2009 ). In addition, it has been shown that age alone accounts for little variance in individual work performance (Waldman and Avolio, 1986) . These results seem surprising given medical studies that demonstrate a decline in many relevant individual capabilities such as physical strength, innovativeness, health, hearing and seeing etc. (Skirbekk, 2008 ). An explanation for the difference between the individual and establishment age-productivity performance might be that some firms succeed in increasing the productivity of their older part of the workforce by creating the right job, age combination in teams or occupational characteristics and implementing the proper organisational policies for the age structure of their workforce.
On the establishment level important examples for context factors that might influence the relative productivity of older employees in comparison to younger employees as captured in age-productivity patterns are specific human resource management measures directed at older employees (Avolio et al., 1990) . Facing a large variance in establishment age-productivity profiles, we argue that the average age-productivity profile masks large differences in the capabilities of enterprises to keep the older part of their workforce as productive as the younger part. This paper tries to shed some light on reasons for these differences by comparing the relative productivity of older in comparison to younger employees in establishments with different human resource management measures specifically aimed at older employees.
For our analysis, we require estimates of the relationship between the age composition of the workforce and productivity, at the establishment level. Since the age composition of the workforce is likely to be a direct function of the establishment outcome, we have to consider potential endogeneity of the age composition of the workforce in order to obtain unbiased estimates of the age-productivity profiles (Aubert and Crepon, 2006; Göbel and Zwick, 2009 ). Moreover, we have to take into account that firms vary with respect to many aspects -identification should therefore be based on within firm variation of productivity and age-structure.
Despite the potential threat of an aging workforce to competitiveness and to the welfare of the whole economy; and despite the fact that a large fraction of the establishments applies specific measures to enhance the productivity of older workers, to our knowledge this is the first study that investigates the relationship between these human resource measures and productivity, in a representative study.
The remainder of this paper has the following structure. The next section provides an overview of human resource measures and their hypothetical impact on the relative productivity of older employees. The third section explains our empirical estimation strategy and the fourth section presents the representative linked employer-employee panel data set used. The fifth section contains the empirical evidence on the correlation between specific human resource measures and the establishment age-productivity profile. The sixth part concludes.
Background
Establishments traditionally use several personnel methods to cope with a constrained capability of older employees. Probably the most pervasive method is to select the most able and best fitting employees and dismiss less productive employees (Howard, 1988) . 1 In most countries this method is made expensive by a strict labour market protection for older employees. This means that employers frequently have to cope with older employees who have a lower productivity than they had when they were younger or who are on average less productive than their younger colleagues. The success in the effort to implement a sustainable personnel management in times of a rapidly ageing workforce can be measured by flat age-productivity profiles within establishments. Here an increase of the share of older employees does not lead to a reduction in productivity because their relative productivity is at least as high as that of younger employees in the same establishment.
Popular methods to cope with a decline in the capability of older employees without dismissing older employees are strategic human resource management measures that directly tackle specific disadvantages of older employees. They are based on the insight that older and younger employees have different competencies and capabilities that can be used to complement both employee groups (Boockmann and Zwick, 2004; Johnson, 2005; Skirbekk, 2008) and that input-based and transformational 2 competencies might be more important than managerial competencies or output-based competitiveness to obtain a sustainable competitive advantage (Verworn et al., 2009 ). More specifically, we will discuss the following personnel measures: flexible working times for older employees, work places specifically designed for older employees, a shift of older employees to workplaces with reduced requirements, mixed age teams, and inclusion of older employees in continuing training measures.
Specific equipment of workplaces to compensate constraints in hearing or seeing capabilities of older employees such as increased illumination of workplaces, a higher contrast in signs and no blue/green contrasts in signs or avoidance of (or protection from) excessive environmental noise (Spirduso et al., 2005; Magrain and Boulton, 2007) may increase the relative productivity of older employees. This personnel measure should not have a positive spill-over effect for the relative productivity of younger employees.
Reduced working times for older employees can be voluntarily offered by enterprises for employees older than 50 years of age in Germany. Reduced working times are usually very popular amongst older employees because they frequently have to take care for a sick relative or because their own health condition is then less affected by demanding work conditions (Hurd, 1996; OECD, 2006, p. 77) . Especially in physically demanding jobs reduced working times might be a measure to prevent reduced productivity induced 2 Transformational competencies encompass organisational capabilities to transform inputs into output, by health problems. Reduced working times or more flexible working time arrangements for older employees therefore might be a measure to retain workers as they approach retirement age and keep them motivated (Verworn et al., 2009) . We suppose that a reduced and more flexible working time for older employees mainly positively affects the relative productivity of older employees, a spill-over effect to other employee groups seems not probable, however.
Workplaces with reduced requirements (and remuneration) for older employees are frequently observed in Japan (Conrad, 2009 ). This measure allows those employees who are selected by their employers to be re-hired to bridge the gap between the retirement age fixed by the employer and the higher official retirement age determined by the state that grants the full pension. A comparable measure to reduce requirements for older employees (or employees who had an accident during working times) who are not capable to work fully productive on their traditional job used to be popular in Germany (these jobs are called Schonarbeitsplätze). Nowadays most enterprises do not use this instrument any more, however, because it casts a stigma on the employees or because these kinds of jobs have been outsourced (Brandenburg and Domschke, 2007) . German firms frequently us a new match between workstation requirements and individual abilities and a shift of constrained older workers to workstations that better fit their capabilities under the banner of workplaces with reduced requirements. Analogous to a reduction in working times for older employees, we assume that jobs with reduced requirements could increase the relative productivity of older employees but have no positive spill-over effects for younger employees.
Mixed age teams are another important measure to increase the relative productivity of older employees. The basic idea is that older and younger employees have different strengths and weaknesses stemming from varying experience, perspectives, and social networks (Kearney et al., 2009) . A mixture of different age groups can create crossfertilisation of ideas, a transfer of knowledge and experience, and a synergistic combination of resources for all age groups because younger and older employees can concentrate on their comparative advantages (Backes-Gellner and Veen, 2008) . In Lado and Wilson (1994) .
addition, age mixed teams potentially have more different approaches at hand to tackle problems and more quickly might put outdated strategies into question (Pitcher and Smith, 2001; Page, 2007; Ely, 2004) . On the other hand, diverse work teams create costs because communication is more difficult and employees might have different attitudes and aspirations (Prat, 2002) . This may reduce the communication intensity in more diverse teams (Milliken and Martins, 1996) and as a consequence the identification of the team members with the employer. In addition, older employees might be forced to work full time in age mixed teams although they might prefer to have more flexible and reduced working times (Hurd, 1996; Blau and Shvydko, 2008) . We assume that if establishments succeed in increasing the relative productivity of older employees by offering mixed age teams, this might also have a positive spill-over effect on younger employees´ productivity.
On average, training participation declines with age and older employees exhibit less education initiative than younger employees (Warr and Fay, 2001) . Older employees might have higher adaptability requirements in innovative enterprises or in enterprises investing in information and communication technology, however .
Therefore some establishments include older employees in their training efforts. This might be very effective because an increase in training intensity on average increases establishment productivity (Zwick, 2006) and productivity differences between older employees are best predicted by their training (Andrisani and Daymont, 1987) . We also know that training may have positive spill-over effects between employees (Dearden et al., 2006) . (Older) managers might give better instructions that increase productivity of (younger) line workers, for example. Besides spill-over effects, the absence of training for older employees might develop expectations under the young employees that at some point in their careers, investments in upgrading skills will no longer be beneficial (Lawrence, 1988; Avolio et al., 1990) . Therefore, training participation of older employees might also increase the relative productivity of younger employees.
Estimation Strategy
In order to calculate the correlation between human resource measures specifically aimed at older employees and the relative productivity of older employees, we first estimate the average age-productivity profile of employees on the establishment level.
Similar to Aubert and Crépon (2006) and qualification corrects for possible estimation biases induced by differences in tenure and qualification between age groups and a direct impact of tenure and qualification on productivity (Avolio et al., 1990; Daveri and Maliranta, 2007) .
Assuming perfect substitution among workers, one can write the production function per head, for establishment j in period t as:
OLS estimates of equation (1) are likely to be mis-specified because the value added and the age structure might be determined simultaneously (Griliches and Mairesse, 1998).
Successful establishments for example recruit more workers and job entrants tend to be younger than those who leave the enterprise (Heywood et al., 2009; Zwick, 2008) . In addition, the variation between the establishments is likely to drive the results and in pooled cross section estimations we can only observe part of the heterogeneity between establishments (Prskawetz et al., 2006) -establishments with better industrial relations 3 We only report the coefficients of employees between 20 years of age and 60 years of age. The estimates for the other age classes are summarised in a separate variable but not reported because they are likely to reflect unobserved characteristics of employees at the fringes of the age distribution -very young employees and very old employees are usually specific individuals. In addition, they represent only a small fraction of the population of all employees. In 2005, the last year of our observation period only 3.5% of the employees is younger than 20 years and only 3.8% is older than 60 years old (OECD, 2005) . might be able to bind their employees longer, for example, while they enjoy a higher productivity (Addison et al., 2010) . Finally, the age structure might have lagged effects on value added because establishments react not immediately to the need to improve relative productivity of their ageing workforce.
We therefore apply dynamic GMM estimators where the production of one year is allowed to be a function of its past values (Arellano and Bond, 1991; Arellano and Bover, 1995; Blundell and Bond, 1998) . The basic idea of these estimators is to use lagged levels as "internal instruments" for contemporary differences and lagged values of differences of the same variable as internal instruments for contemporary levels.
Generally speaking, the underlying assumption is that contemporary shocks that may affect productivity and the age structure of the workers are orthogonal to the past level of capital and the age structure of the establishment (Aubert and Crépon, 2006) . In order to find the correctly specified model, we start with moment conditions that require relatively mild assumptions and augment the set of instruments step by step. The validity of the additional instruments is tested by the means of the Sargan/Hansen test for overidentifying restrictions. We also apply the test for serial correlation in the disturbance term in order to check whether the dynamic specification of the model is correct.
In the next step, we compare the age-productivity profiles of two samples of establishments, those that use specific human resource management measures for older employees and those that do not. More specifically, we regard the following measures: By splitting the sample into establishments that offer the aforementioned measures and those that do not offer these measures, we implicitly have to assume that both groups of establishments are comparable and more specifically that there are no third factors that affect the introduction or presence of the measures and the age-productivity profile. We cannot be sure that this is the case and therefore, we do not want to interpret our results as causal relationships but just as correlations. In addition, we carefully describe the observable differences between both groups.
Data
In order to estimate the impact of the age structure on establishment productivity, this experience, and age can therefore be linked to the employer data. Altogether our version of the LIAB covers almost 7 Mio. employees and more than 8,500 establishments.
Only establishments with more than five employees are included and in order to increase the homogeneity of the sample further, the public sector, the non-profit sector and the financial sector are excluded. In order to have a proxy for the capital stock, we use the yearly information on investment and the depreciation rates on the two-digit sector level according to the perpetual investment method (Zwick, 2004) . For the starting value, we use the average of real investment and divide it by the sum of the depreciation rate and the average growth rate of investment (Hempell, 2006) . Capital in the next period is then calculated by capital in the previous period plus investment and minus depreciation. About eight percent of the establishments never report an investment during our observation period. We apply two different strategies to cope with these missings. On the one hand, we delete the establishments that never report investments. On the other hand, we impute the missing values for capital stocks.
Applying a sensitivity analysis, both empirical strategies lead to similar results, though.
The results reported in this paper are derived with the imputed capital stocks. experience and tenure could lead to excess variance in these variables and therefore, for each employee, only the first value for tenure and experience is imputed. For each additional year the employee stays in the same establishment we update the value for experience and tenure by adding one year to the value of the last year.
Since we are interested in the productivity per head we have to compute the amount of the input factors per head. To cope with workers who have only part-time contracts we count each part-time employed worker by one half. Apprenticeships are included but their share is controlled for because they can be expected to have a lower productivitythey only work four or three days per week.
We use the information on the specific human resource management measures for older employees (employees older than 50 years of age) provided by a specific question in the wave 2002 of the questionnaire: "Which measures that are related to the employment of older employees are used in your establishment?". Then the list of six measure mentioned above was given. We have to assume that the establishments offer these data set provides panel data.
measures permanently (or at least most of the time) during the observation period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . The timing of the question on the personnel measures right in the middle of our observation period is helpful here. We think that our broad personnel measures are usually time invariant establishment characteristics and analyses on the impact of these measures based on change information are frequently plagued by measurement errors (Huselid and Becker, 1996; Black and Lynch, 2001; Zwick, 2004) . We only include establishments that gave us information on their human resource measures in the analysis. For a short description of the variables and their mean values, we refer to table 1 in the appendix.
The Correlation between Human Resource Measures and the AgeProductivity Profile
In this section we summarise our findings concerning the age-productivity profiles and their correlation with human resource measures specifically aimed at older employees in The only remarkable, albeit insignificant difference is in establishment size -those establishments that do not offer any measure have on average 50 employees and establishments with measures have on average almost 400 employees, compare Table 6 .
In order to check the robustness of our results we therefore separate our analysis into a sample with small establishments and large employees in order to check whether establishment size plays a role. Table 3 shows that most personnel measures are not highly correlated with each other.
In other words, there are few clusters of measures that are frequently implemented together. The highest correlation is between age-mixed teams and training specifically designed for older employees.
As mentioned in section three, we present the results for the impact of the share of 5-year age classes from 20-60 years of age on value added. For the results of the control variables we refer to the tables in the appendix. Figure 0 shows that for the entire sample the age-productivity profile is essentially flat but exhibits a large variation between establishments. In the next figures that differentiate between establishments with and without specific measures for older employees we will show that a) several measures have a positive impact on the relative productivity of older employees and b) a large proportion of the variance between establishments can be explained by splitting the establishments in groups with and without these measures. This means that the large variance between establishments does not stem from measurement problems or unobservable heterogeneity. Figure 1 illustrates the age-productivity profile for the dynamic GMM estimates for establishments with and without reduced/flexible working time of older employees. It demonstrates that the possibility to reduce the working time when required is correlated with a slight increase in the productivity of older employees, the differences are not significant, however. Against our hypothesis working time flexibility for older workes therefore does not increase the relative productivity of these employees. Working time reductions are rather popular with older employees in Germany -more than 15 percent of the employees between 50 and 64 years of age participate in the programme. Around 90 percent of the employees choose the so-called block model of working time reductions for older employees, however (Brussig et al., 2009; Wanger, 2009) . This means that the balk of older employees just retires earlier while working full time until their retirement date. In addition, there is no correlation between physically demanding jobs and the incidence of working time reductions -the highest incidence of working time reductions is for example in banking and insurance jobs and for teachers (Wanger, 2009 ). This means that the present implementation of flexible working time measures is de facto a programme for early abrupt retirement that does not allow the establishments to reap the positive consequences of a slow and flexible swinging out of active labour market participation of older employees.
According to our hypotheses, specific equipment of workplaces for older workers is correlated with a significantly higher relative productivity of older employees beyond the 40-45 years of age category (Figure 2 ). This means that the establishments that invest in specific equipment are able to avoid a reduction in productivity caused by an ageing workforce.
Also those establishments that reduce job requirements for older employees avoid according to our hypothesis a reduction in the relative productivity of older employeesthe differences are only significant for the oldest age group between 55 and 60 years of age, however, compare Figure 3 .
Mixed age work teams are not only associated with an avoidance of reductions in relative productivity of older employees but also with higher relative productivity of younger employees, compare Figure 4 . This means that according to our hypotheses mixed age work teams have a positive impact on relative productivity not only for the old but also the young employees.
Against our hypothesis, the inclusion of older employees in training measures is not correlated with a higher relative productivity of older employees, compare Figure 5 . A reason might be that including older employees in continuing training per se does not increase their productivity. British data from the Labour Force Survey suggest that older employees more frequently receive cheaper on-the-job training and shorter training spells than younger employees. In addition, older employees decline more often to participate in training when their employers offer it (O´Mahony and Peng, 2008) . This might mean that training of older employees has a smaller potential to increase productivity than training for older employees because the scope of the measures is lower. Unfortunately, we are not able to control for the quality and extent of individual training. In addition, it seems important to use the knowledge acquired in training to transfer older employees to more productive and innovative activities. Older employees frequently seem to receive training but continue to work in their traditional jobs that have a declining relative productivity (Koller and Plath, 2001) .
Conclusions
This paper shows that establishments cope differently with their ageing workforce.
Although establishments that offer specific measures to improve the relative productivity of older employees have very similar observable characteristics to those establishments that do not use these measures, the age productivity profiles between both groups of establishments frequently differ. Age productivity profiles are an interesting measure because they indicate whether the productivity of an establishment decreases when the share of a certain age group gets larger. Facing quickly increasing shares of older employees, especially the impact of an increase in the shares of employees beyond 50 years of age seems decisive for future establishment competitiveness.
For the interpretation of our results, we exploit the information that is revealed by differences in the estimates of the age-productivity profiles. More precisely, we use the fact that specific human resource measures have a different impact on the age productivity profile. This enables us to draw sensible conclusions from our estimates, despite the fact that currently the information on the application of these measures is only available for one year.
We therefore compare the age-productivity profiles of establishments with and without specific personnel measures specifically aimed at the improvement of the relative productivity of older employees. We find that a reduction in work requirements and specific equipment of workplaces for older employees are associated with a significantly higher relative productivity of older employees. Age mixed teams are not only correlated with a higher productivity of older employees but also younger employees have a higher relative productivity in these establishments. This might be an indication of important spill-over effects between age groups working together in teams. Finally, flexible working times for older employees and inclusion of older employees in training measures are not associated with differences in the age productivity profiles. Reasons for these findings might be that in Germany these measures are not adequately implemented so far. Flexible working time programmes for older employees are mainly used as an early retirement device with full time work until retirement and usage is not correlated with physical demanding jobs. Continuing training of older employees frequently has a smaller scope and is not associated with the option to move on to jobs with higher productivity or adopting innovations in jobs pursued.
The availability of data on specific human resource management measures directed at older employees allows for a whole range of new studies. In the future we aim to make explicit use of panel information on the application of human resource measures directed at older employees. In addition, it seems interesting to include personnel measures not specifically aimed at older employees but probably have a stronger impact on this group of employees such as for example preventive health measures. Estimation Results: ************************************* diff-gmm for: old_parttime: 
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